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Abstract 
High short-circuit current and voltage excursion are two major great concerns for an electricity provider in Indonesia, named 
PLN. These two problems are mainly remarkable in Jakarta area, i.e., the central load of Jawa Bali system. In order to achieve 
both decrease in the short-circuit current and increase in the voltage level, Insertion of the intermediate 275 kV networks together 
with the change in the 150 kV networks from loop structure to radial structure is examined with several scenarios. Genetic 
Algorithm multi-objective optimization technique is also applied for selecting the 275/150 kV transformer reactance in terms of 
the aforementioned two requirements. The performance of each scenario is verified using the short circuit index, the voltage 
index and the number of installed 275 kV transmission lines and transformers. Three subsystems in Jakarta area which are 
Bekasi, Gandul and Kembangan are selected, because these subsystems include most of the issues related to the short-circuit 
current and the voltage level. The selected scenario successfully reduces the short-circuit currents and increases the voltage level 
in 150 kV system. 
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1. Introduction  
One of the greatest concerns for the power system operator or utilities is increase in short-circuit current at 
substations in transmission system. There is a risk that short-circuit current can exceed the permissible current level 
of circuit breakers (CBs) and some other related equipment. This risk has been emerged as system expansion as a 
result of demand growth, installation of power plant, and system interconnection. Very high short-circuit current can 
damage the system equipments such as generator, transmission line and transformer [1]. 
This condition can be mitigated by limited the short-circuit current when the fault occurs. The methods for short-
circuit current reduction is divided to active and non-active methods. Active methods lead to increase in losses in 
system otherwise non-active methods haven’t used widely because of their cost, complexity, and operation current. 
Some methods for limiting short-circuit current are; bus splitting (separate the system), open network loops (radial 
configuration), increase percentage impedance of transformer, utilize fault current limiter (using mechanical switch, 
fuses and semiconductor) and introduce interconnections at a higher voltage class, both with ac and dc [1-4]. A 
study case in Kuwait shows that constructing new higher voltage network and permanent splitting on the lower 
voltage network is the effective solution for reduction of short-circuit current to acceptable level in that area [4]. 
However applying of short-circuit current reduction may increase of active and reactive power losses, decrease of 
reliability and flexibility and degradation of voltage stability. In other words, reduction of short-circuit currents will 
give negative impact on voltage stability [1,5]. 
Similar challenge was faced by PLN as an electricity provider in Indonesia. In order to meet with the power 
supply relative to the growing load, the rate of which is around 9% per year, PLN has installed additional power 
plants, substations and even transmission lines. Such reinforcement has led to the increasing of short-circuit current 
which could eventually exceed the permissible current level of CBs. Short-circuit current at several 150 kV class 
substations is quite high, especially in Jakarta metropolitan area. PLN has taken countermeasures based on system 
reconfiguration against the increasing of short-circuit current, such as splitting bus, change in connecting point of 
subsystems, and applying series reactor. However, short circuit levels in several substations are still quite high.  
The other countermeasures for reducing short-circuit current are by increasing the voltage level and radial 
configuration. Currently voltage levels in Java Bali system are 500 kV, 150 kV and 70 kV. The short-circuit current 
which exceeds the permissible current level of CBs is remarkable in 150 kV. In this study inserting intermediate 
voltage 275 kV network together with radial configuration in 150 kV network is proposed.  
Beside the high short-circuit current problem, PLN is also challenged by voltage issue. In Jakarta area, voltage 
excursion was occurred in day time which is peak load time of this area. Insertion of 275 kV network may also 
increase the voltage level. As known higher voltage level of transmission lines give higher Surge Impedance 
Loading (SIL) which may increase power transfer and decrease reactive power absorption [6]. 
However insert intermediate voltage network leads to adding a reactance of 275/150 kV transformers, which 
may cause decrease in the voltage level. Therefore proper location of inserting 275 kV network needed to be 
evaluated due to two purposes which are decrease short circuit current as well as increase voltage level.  
Bekasi, Gandul and Kembangan subsystems are examined for this study because these subsystems includes most 
of the aspects which have to be considered such as high short-circuit current and large voltage drop in some 
substations. 
2. Methodology 
Determining location of 275 kV networks is trial and error process with consideration 275kV substations are 
installed on outgoing of IBT 500 kV and outgoing of power plant which have high short-circuit current. Radial 
configuration on 150 kV network is applied to a condition which all power plants in those subsystems operate. In 
order to avoid overloaded transmission lines and transformers, the number of installed facilities is determined using 
power flow calculations under minimum and maximum generation conditions. 
The ranking of scenarios is determined in terms of three aspects, i.e., the short-circuit current reduction, the 
voltage level improvement and the cost for 275 kV facilities. The short-circuit current and the voltage level are 
evaluated using the following performance indices [7].  
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Where 
݅ܫ         = Short circuit current on bus i (kA)   ܸ݅= Voltage on bus i (kV) 
݅ܫ݉ܽݔ   = Existing CBs breaking capacity on bus i (kA)  ܸ݅ݏݐ= Rated voltage on bus i (kV) 
n        = Number of buses     ܸ݉ ܽݔ      = Maximum rated voltage on bus i (kV) 
       ܸ݉ ݅݊      = Minimum rated voltage on bus i (kV) 
 
The short-circuit index is applied to evaluate the short-circuit current which exceeds the permissible capacity of 
CBs. The short-circuit index after insertion of 275 kV network in each bus should be smaller than 1 and the average 
index of all buses should be smaller than the base scenario index. The violation of voltage is indicated with the 
voltage index. The smaller voltage index makes the system voltage closer to the standard values (+5% and -10% for 
150 kV system) which are shown in Jawa Bali Grid Code. The voltage index after insertion of 275 kV network 
should be smaller than that in the base scenario. Simulation process is shown in Fig.1. 
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Fig. 1. Simulation Flowchart 
Larger reactance of Inter Bus Transformer (IBT) 275/150 kV gives smaller short circuit current index and larger 
voltage index. Therefore, Genetic Algorithm Multi Objective (GAMO) optimization technique is applied for 
selecting the reactance of IBT 275/150 kV. This technique is a popular meta-heuristic which is appropriate to use in 
order to solve multi criteria conflicting. Most multi-objective GA doesn’t require the user to prioritize, scale, or 
weigh objectives. The crossover operator of GA may develop structures of good solutions with respect to different 
objectives to create new non-dominated solutions in unexplored parts of the Pareto front [8]. This technique also can 
consider a trade-off relationship between XT Vs ISC; XT Vs IV; XT Vs max ISC and XT Vs max IV  as objective functions. 
Where XT is the reactance of IBT 275/150 kV; ISC is the short-circuit index;  IV is the voltage index; max ISC and max 
IV  are the maximum short-circuit current index and voltage index on all buses (see Fig.1). The results obtained from 
GAMO optimization do not give unique optimum XT values, power system operator’s point of view is also 
considered in terms of steady-state voltage level and the short-circuit current level. Therefore, the minimum XT from 
Pareto front could be chosen as the reactance of IBT 275/150 kV.  
The sensitivity analysis dV/dX for each transformer is performed by changing tap-changer position of IBT 
275/150 kV under the minimum generation condition. The location of transformer and tap-changer position limited 
by reduction of primary side voltage due to increase in the tap-changer position is also considered when the tap-
changer is adjusted. The voltage level in 500 kV System after the tap-position change should not be smaller than that 
in the base scenario. 
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The selected scenario is compared with the base scenario and scenario 1 under three different generation 
conditions; maximum, minimum and average generation conditions. Note that the base scenario is an existing 
condition and without insertion of 275 kV network. Scenario 1 is applied to radial configuration in 150 kV network 
without inserting 275 kV network. Other scenarios use insertion of 275 kV network together with radial 
configuration on 150 kV network.  
3. Case Study 
Subsystems Priok-Bekasi, Gandul-Muarakarang, and Kembangan are located in Jakarta and Banten area. In 
normal condition, these subsystems are separated each other for the purpose of reduction of the short-circuit current. 
In spite of the separated subsystems, the short-circuit current in some substations are still high and some of them are 
greater than the permissible current level of CBs as shown in Fig.2. In general, the high short-circuit current occurs 
on power plant substations, the outlet of power plant such as Priok, Pelumpang, Muarakarang, Durikosambi and the 
outlet of Inter Bus Transformer (IBT) 500/150 kV such as Bekasi and Gandul.  
Another issue in those three subsystems is the voltage level which is lower than the standard limit. This occurs on 
some substations in Jakarta and Banten area mainly during the day time including the peak load time of this area. 
 
 
Fig. 2 Short-Circuit Current Profile 
4. Simulation Results 
Simulation results for each scenario are evaluated in terms of the short-circuit current index, the voltage index 
and the cost shown in Table.1. Scenarios 5 and 8 give smaller ISC and IV compared with those in base scenario. 
Scenario 8 gives the lower cost. 
Table 1. Performance Indices and Cost 
Scenario Short-Circuit Current 
Index 
Voltage Index Cost*) 
Base 0.7593 0.1106 - 
1 0.6905 0.1377 - 
2 0.5489 0.1268 793 
3 0.4913 0.1622 1267 
4 0.6020 0.0841 623 
5 0.5622 0.0958 630 
6 0.5696 0.1254 723 
7 0.5468 0.1160 762 
8 0.5524 0.0912 569 
       *)The cost for 500 kV class facilities are used for that for 275 kV facilities. 
  
 
 
 The objective functions which are obtained using a curve fitting technique as follows 
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The objective functions are used to determine the reactance of IBT 275/150kV for selected scenario. The 
optimum reactance obtained from GAMO optimization technique together with the aforementioned power system 
operator’s point of view, XT  becomes 12.6%. 
The short-circuit current and the voltage profile under the maximum generation condition are shown in Figs.3 (a) 
and 3(b). The insertion of 275 kV substations in Bekasi, Pelumpang, Gandul and Lontar together with the radial 
configuration on 150 kV networks is used for scenario 8. Scenario 1 shows that the use of the radial configuration 
on 150 kV networks enables to reduce the short circuit current. On the other hand, the indices in Table 1 show that 
the use of the radial configuration can lead to decrease voltage level. In scenario 1, number of substations which 
exceed the permissible current level of CBs is reduced by 27% relative to the number of such substations in the base 
scenario. However scenario 1 also increases the voltage index by 20% from base scenario. 
 
 
 
 
Fig. 3. (a) Short Circuit Current Profile on Maximum Generation (b). Voltage Profile on Maximum Generation 
The short-circuit currents index is reduced by 26% relative to base scenario after the insertion of 275 kV 
networks with configuration as in scenario 8. Comparing with base scenario, the number of substations with the 
short-circuit current which is greater than the permissible current level of CBs is decreased by 100%, or in other 
words, the short-circuit current at all substations is smaller than the permissible current level. 
The voltage indices for scenario 8 under the average and the minimum generation conditions after the 
reconfiguration and the tap-changer adjustment are presented in Fig.4.The voltage profile is also presented in Figs. 
5(a) and 5(b). 
 
 
Fig. 4. Voltage Index in 3 Generation Composition 
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Fig. 5 (a) Voltage Profile on Average Generation (b). Voltage Profile on Minimum Generation 
Under the average and the minimum conditions in scenario 8, IBT 275/150 kV in subsystem Gandul have high 
loading, while IBT 275/150 kV in subsystem Kembangan have small loading. In order to balance the power flow in 
transformers and transmission lines between these two subsystems, reconfiguration in 150 kV networks with the 
consideration of the short-circuit current caused by operating power plants is required. 
Under average generator condition in the base scenario, voltage excursion occurs on 18 substations in these 
subsystems. However, after insertion of 275 kV network, the voltage excursion occurs only on 8 substations. The 
number of problematic substations decreases by 44% relative to the number in the base scenario.  
Under minimum generation condition, the voltage index in scenario 8 is smaller than that in the base scenario as 
shown in Fig. 4. The average of voltage level in 150 kV substations in scenario 8 is higher than the voltage level 
under the base scenario. However the increase in voltage in scenario 8 is not sufficient and the voltage excursion 
still occurs on 17 substations. 
 
5. Conclusion 
Proper location of 275 kV network may decrease short circuit current as well as increase voltage level. Scenario 
showed that the short-circuit current on all of substations in Bekasi, Gandul and Kembangan subsystems became 
less than the permissible current level of CBs. Scenario 8 also showed that after insertion of 275 kV networks, the 
voltage index under all generation condition became less than the index in base scenario. This means, the average 
voltage level in this scenario is greater than the voltage level in base scenario.  
Although the proposed scenario which was applied to three subsystems in Jakarta area successfully reduced the 
short-circuit current for all substations below permissible current of CBs, the remaining subsystems in the whole 
Jakarta Area should also be examined in order to obtain better result in terms of optimization of the whole Jakarta 
Area. Although the proposed scenario also increased the voltage level for all generation condition, the voltage level 
in some substations were still outside the minimum standard under minimum generation condition. Therefore, the 
additional installation of the reactive power compensator for increase in the voltage level should be optimized as a 
future work. 
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